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The first-in-man application of iPS-derived cells 

to treat wet AMD (2014)

Autologous iPSC-RPE transplantation

Nature's 10

Ten people who mattered 

this year. 2014



会社概要
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VC Cell Therapy (VCCT Inc.)では網膜変性疾患の治療のため、iPS細胞を使った再生医療の開発を行っています。

2021年に元理研グループリーダーの高橋政代によって設立され、これまでにシードラウンドで14億円の資金調達を実施し、
Ex vivo、In vivo双方の細胞治療の臨床応用を推し進めています。

高橋は2013年に世界初のiPS細胞由来網膜細胞の臨床研究を主導しましたが、その技術と臨床ノウハウをVC Cell Therapyで
の治療開発に生かしています。

特に加齢黄斑変性や網膜色素変性症など、治療法の限られた疾患に対して、視力悪化を遅らせるだけでなく、視力回復を目指
せるような治療を開発しています。

VC Cell Therapyのもう一つの強みは自動化製造で、一回の製造で700-800患者向けの細胞量を一度に製造することが実現し
ています。

次世代AAVを使ったIn vivo細胞治療も開発中である、Genentech社との共同研究も実施しています。

VC Cell Therapyではこれまでシードステージの開発を行い、網膜色素上皮細胞と視細胞の2つのアセットの製法開発などを
行ってきましたが、収益化加速とグローバル展開のため最大100億円の資金調達を目指しています。



Gartner's hype cycle
Expectation for new technologies
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Nobel prize, 

Prof.Yamanaka (2012)

1st application of iPSC (2014)

RPE strip (2022)

The Salk Institute     Kyoto U Hp       RIKEN           VCCT  
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AMD patients

RPE cell sheet

iPS-RPE cells

Skin fibroblasts

Reprogramming 

factors

Transplantation

iPS Cells

Differentiation

4 months 4 months

2 months

Autologous iPS-RPE transplantation to AMD patients

Kobe City Medical Center 

General Hospital

1st clnical research 2013〜2015
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Strategy for RPE transplantation development

Before the 1st Case

• Determine the Mode of Action – replacement of RPE cell layer

• Determine the CQA (Critical Quality Attribute) – purity

The 2nd & 3rd clinical study

• Select the formulation to solve the risk of surgery – RPE strip

• Solve manufacturing skill transfer risks and scale up – using the humanoid 
robot

• Prepare to expand the surgeons and hospitals

Clinical trial

• Avoid the immune suppression risk - Modify the HLA  

• Do the clinical trial with the final product 



Heterogeneity of cells in the iPSC colonies
Unpublished data
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Heterogeneity between and within the iPSC colonies

Heterogeneity

MCB
WCB RPE100%

Subculture

WCB RPE100%

WCB RPE100%Gene mutation

Dominant cell alteration

X gene mutation rate 

at 21.5%

Mutation  49.3%

Mutation  68.5%

Mutation 62.8%

Mutation rate 0.08%

Mutation rate 0.2%

Mutation rate 0.00%

Purification

RPE50%

RPE38%

RPE31%

Differentiation
< Negative control
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PEDF

VEGF

Tight junction PhagoEMPhlygonal shape

１、Phagocytosis

２、Trophic factor：

PEDF  VEGF

３、Barrier formation

４、Visual cycle                   

Monitoring points : RPE function



RPE signature genes
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<Robust protocol > Assessment of purity and equivalence

Kamao et al, 

Stem Cell Reports 2014

Kamao et al, 

Stem Cell Reports 2014
Unpublished data

Mandai et al,

New Eng J Med, 2017



What are the potentially dangerous cells?

What will happen to patients?

• Residual iPS cells →benign tumor within the eye  

→ typically managed with observation per Ophthalmology guidelines (no harm)  

• Transformed differentiated cells → malignant tumor → metastatic tumor（life-threatening)

• Oncogene-mutated cells 

In MSCs or short –lived cells  → safe

In non dividing cells → no secondary hit → short-term tumorigenicity test  (e.g., RPE)

In dividing cells → secondary hit may occur → long-term tumorigenicity test or discontinue use

The risky cells are not iPS cells but immature differentiated or transformed cells



Malignant 

tumor

Surgery 

risk

Immune 

suppression 

for elderly

Cell risk Treatment risk Inaction risk

Risk Matrix 
for iPSC-RPE transplantation （Image）

h
ig

h
lo

w
S

e
v
e
ri

ty
 

highlow Frequency 

Risk 

High

1. Schwartz SD,  et al. Lancet 2012
2. Schwartz SD, et al. IOVSi 2016
3. Da Cruz L, et al. Nat Biotech 2018
4. Mehat MS, et al. Ophthalmology 2018
5. Kuriyan AE, et al. New Eng J  Med 2017

Deterioration 

risk

Benign 

tumor

Immune 

suppression 

for young

iPS cells

Transformed 

differentiated 

cells



PLoS One. 2012;7(5):e37342. Epub 2012 May 17.

Highly Sensitive In Vitro Methods for Detection of Residual 

Undifferentiated Cells in Retinal Pigment Epithelial Cells Derived from 

Human iPS Cells.
Kuroda T, Yasuda S, Kusakawa S, Hirata N, Kanda Y, Suzuki K, Takahashi M, Nishikawa S,

Kawamata S, Sato Y.

National Institute of Health Sciences, Tokyo, Japan

Soft Agar Test qRT-PCR analysis

qRT-PCR analysis for Lin28 detects 0.002% of hiPSCs

a single hiPSC in 5.0×104 RPE cells is detectable.

Flowcytometry

http://www.ncbi.nlm.nih.gov/pubmed?term=Sato%20Takahashi%20RPE%20iPS
http://www.ncbi.nlm.nih.gov/pubmed?term=Kuroda%20T%5BAuthor%5D&cauthor=true&cauthor_uid=22615985
http://www.ncbi.nlm.nih.gov/pubmed?term=Yasuda%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22615985
http://www.ncbi.nlm.nih.gov/pubmed?term=Kusakawa%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22615985
http://www.ncbi.nlm.nih.gov/pubmed?term=Hirata%20N%5BAuthor%5D&cauthor=true&cauthor_uid=22615985
http://www.ncbi.nlm.nih.gov/pubmed?term=Kanda%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=22615985
http://www.ncbi.nlm.nih.gov/pubmed?term=Suzuki%20K%5BAuthor%5D&cauthor=true&cauthor_uid=22615985
http://www.ncbi.nlm.nih.gov/pubmed?term=Takahashi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22615985
http://www.ncbi.nlm.nih.gov/pubmed?term=Nishikawa%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22615985
http://www.ncbi.nlm.nih.gov/pubmed?term=Kawamata%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22615985
http://www.ncbi.nlm.nih.gov/pubmed?term=Sato%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=22615985


Comparison among immune-deficient mice
With or without Matrigel HeLa tumorigenicity test 

Kanemura H, Go MJ, Shikamura M, et al PLoS One. 9(1):e85336, 2014
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1.1
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12 18

Shin Kawamata

With or w/o 

Matrigel

Kanemura et al. 



iPSC: TPD50=102.12 (n = 30) iPSC: TPD50=104.73 (n = 20)

●subcutaneous (with Matrigel)- NOG 

mice

●subretinal-(w/o Matrigel)- Nude rat

Sensitivity of tumorigenicity test
(iPS Cells)

Graft cells: iPSC 201B7
observation：60w～

Endoderm MesodermEctoderm EndodermMesoderm Ectoderm

NC iPSC

iPSC

NC

iPSC iPSC

Endoderm



donor Vector
# of 

animal
tumor

１st
2010. 11～2011. 9

RPE cell

Retrovirus

Sendai virus

Plasmid A

57 0

2nd
2011. 2～2012 4

RPE cell Plasmid A 11 0

RPE cell：
OCT3/4 remnant+

Plasmid A 7 0

3rd
2012. 3～10

RPE cell Plasmid B 27 0

4th
2012. 12～2013 7

RPE sheet
（subcutaneous・

subretinal）

Plasmid B 16 0

（Kanemura et al.2014  PlosONE) 

Summary of tumorigenicity test

Purified hiPS-RPE did not generate tumors

NOD-SCID mice,  subcutaneous,   1ｘ10＾5 cells in Matrigel
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With or without Matrigel HeLa tumorigenicity test 
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Convincing data for each field

Scientists.

standard

Regulators.

standard
Clinician.

standard

24Hospital lead Company lead

microarray

epigenome

traceability

stability

GLP Test

Safety act Pharmaceutical Affairs Law

regenerative medicine

2014~
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Autologous IPSC-RPE transplatnation from  2014

iPS-

RPE

photoreceptors

1 year

(Mandai et al. New Eng J Med. 2017,          Takagi et al. Ophthalm Retina 2019)

Photoreceptors always degenerate without RPE (e.g., dry AMD, GA)

Photoreceptors preserved only in the region of RPE transplant 

↓

A counterfactual effect in causal inference



RPE

1 patient of wAMD; 

6 patients of wAMD

3 patients of dAMD & RP

Autologous

iPSC-derived 

RPE sheet, 

2013.08-2015.09

First-in-

human

Allogenic 

iPSC-derived 

RPE cell suspension

2017.03-2018.09

HLA 6 loci match  

w/o immune suppression

Allogenic 

iPSC-derived 

RPE strip 

2022 - 2023

HLA partially KO 

RPE strip

w/o immune suppression

with immune suppression

Final productTotally 10 patients

• No serious adverse event

• No severe surgical complication

• All have long survival of the grafts

• All patients maintain their visual function (efficacy) 

• Two of them showed clear improvement of 

subjective symptoms (dAMD & RP)

Last 10 years needed to mature technologies (e.g. surgery, protocol)

For the standard treatment (2017~)

Allogeneic iPSC-RPE transplantation



RPE strip transplantation



RPE strip   Safety & Efficacy (n=3)

Ocular SAE
RPE strip

(n=3)

RPE suspension

(n = 5)

ERMembrane

（removal ope)

1 (33%)

0

3 (60%)

1 (20%)

Macular edema 1 (33%) 1 (8%)

Subretinal fluid 0 0

Retinal hemorrhage 0 0

RPE detachment 0 0

Neovascularization 0 0

Retinoschysis 0 0

Retinal tear 0 0

Subretinal fibrosis 0 0

Macular hole 0 1

Red line: Most severe adverse event

RPE atrophy area change 
Complication

Fellow 

eyes

1 strip

2 

strips

2 

strips

weeks

Sakai et al. Ophthalmol. Sci. 2025

The surgeons are confident 

that the RPE can be consistently placed 

in the target position from these 3 cases
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HLA mismatch HLA mismatch HLA mismatch

HLA mismatch

(Sugita et al. Stem Cell Reports 2016)

T cells 

TLHD-1 : DR9/DR16 Auto 

TLHD-2 : DR4/DR13 

TLHD-3 : DR4/DR8

TLHD-4 : DR4/-

TLHD-6 : DR8/DR15

(DRB1*15:02)

DR  match

TLHD-7 : DR14/DR15

(DRB1*15:01) DR 

haplomatch

TLHD-8 : DR12/DR15

(DRB1*15:01) DR  

haplomatch

TLHD-9 : DR4/DR12

iPS

Homo (454E2) iPS: 

DR15/- (DRB1*15:02)

*P < 0.05, **P < 0.005

n.s. – not significant



Allogenic Transplantation of RPE Strips Lacking MHC Class II Can Avoid Rejection 

in Nonhuman Primate Eyes  (Ozaki et al. IOVS Invest. Ophthalmol. Vis. Sci. 2025)

CIITA+/+ RPECIITA+/+ RPE



RPE& photoreceptor cells HLA expression

HLA class1   HLA class 2

RPE normal

RPE inflammation

Photoreceptor 

normal

Photoreceptor 

inflammation

RPE allograft

rejected

Virus infection         Immune deficiency

in Monkey



RPE

1 patient of wAMD; 

6 patients of wAMD

3 patients of dAMD & RP

Autologous

iPSC-derived 

RPE sheet, 

2013.08-2015.09

First-in-

human

Allogenic 

iPSC-derived 

RPE cell suspension

2017.03-2018.09

HLA 6 loci match  

w/o immune suppression

Allogenic 

iPSC-derived 

RPE strip 

2022 - 2023

HLA partially KO 

RPE strip

w/o immune suppression

with immune suppression

Final productTotally 10 patients

• No serious adverse event

• No severe surgical complication

• All have long survival of the grafts

• All patients maintain their visual function (efficacy) 

• Two of them showed clear improvement of 

subjective symptoms (dAMD & RP)

Last 10 years needed to mature technologies (e.g. surgery, protocol)

For the standard treatment (2017~)

Allogeneic iPSC-RPE transplantation
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Difference of the Strategies

RPE Photoreceptor    

Before the 1st clinical study

• Determine the Mode of Action – replacement of 
photoreceptor cell layer

• Determine the formulation – retinal organoid

The 2nd clinical study

• Improve the efficacy – islet-1 KO iPS organoid

• Determine the CQA – qPCR, morphology

• Select the suitable iPS cell lines – animal model & 
electrophysiology

• Expand the target cases – RPE & photoreceptor 
combined treatment

• Not necessary

Before the 1st Case

• Determine the Mode of Action – replacement of 
RPE cell layer

• Determine the CQA – purity

The 2nd & 3rd clinical study

• Select the formulation to solve the risk of 
surgery – RPE strip

• Solve manufacturing skill transfer risks and 
scale up – using the humanoid robot

• Expand the surgeons and hospitals

Before a clinical trial

• The immune suppression risk - Modify the HLA  

Start the clinical trial with the final product 



Factors in Regenerative Medicine 

Product ≠ Treatment

Cell Preservation ＆
Transport

Surgeon

Surgical 

technique

Patient 

Selection

Low vision 

care

patient

consent 

satisfaction

Ophthalmology

Staff

Insurance and

finance

Device

Cell 

Products

AI AI

AI

AI



Whole treatment Development

Patient 
selection

Explanation              
I/C

iPS Cell 
Culture

Cell 
manufacturing

Quality 
control Surgical 

devices

Cell 
transplantati

on

Rihabilitation
Reimburs

ement
Regulation

Not only cell product

But whole treatment

Pt. Registry
Eligibility 

IC generative 
AI

Robot Cell manufacture
NPO NEXT VISION

Pt. after care

Kobe EC Hospital
Surgical techniqueQC

Regulation
Reimbursement

日本再生医療学会



Patient Selection Registry 

for Regenerative Medicine in Ophthalmology

（NPO）JORM 
Japanese Ophthalmic

Regenerative Medicine Database

Japanese Ophthalmological 

Society

Japanese Ophthalmic Imaging 

Registry

Consortium for RPE 

transplantation

Kyoto Univ.

Kyushu Univ.

Yokohama City Univ.

Aichi Med Univ.

Hiroshima Univ.

Tokyo Univ.

Kobe Eye Center

-

-

-

More than 20 Universities



clinical research

Pharmaceuticals and 
Medical Devices Law

infrastructure 
improvement

pharmaceutical 
consultation

Act for Safety of 
Regenerative 

Medicine,

As a historical control
Utilized for new development, indication expansion, and (re)review

case data

clinical trial
(with conditions 
and deadlines)

approval
PMS

Registry Council 

for Regenerative Medicine

Japanese Association of 
Medical Science
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